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(54) Semiconductor device, circuit having the device, and correlation calculation apparatus, 
signal converter, and signal processing system utilizing the circuit 



(57) One terminals of capacitors (Cl - CN) are con- 
nected to multiple input terminals (01 - QN) via first 
switch means (24, 25) which can select a positive or 
negative logic of an input signal, and the other terminals 
of the capacitors are commonly connected (point b) to 
first differential input (10) of a differential input/output 
type sense amplifier (1) via second switch (2). The com- 
monly connected portion of the capacitors are con- 

FIO. 



nected to second differential input (1 1) of the differential 
input/output type sense amplifier, the second differential 
input having a polarity opposite to that of the first differ- 
ential input, thereby suppressing an increase in circuit 
scale due to an increase in the number of bits, and 
assuring high-speed arithmetic operations. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor device, a circuit having the device, and a correlation calculation 
apparatus, a signal converter, and a signal processing system utilizing the circuit and. more particularly, to a semicon- 
ductor device that allows parallel signal processing, a circuit having the device, and a correlation calculation apparatus, 
a signal converter including an A/D (analog-to-digital) converter or a D/A {digital-to-analog) converter, and a signal 
processing system utilizing the circuit. 

Related Background Art 

In recent years, along with an increase in signal processing speed, it has become important to realize low-cost 
arithmetic operation apparatuses that can process a very targe volume of data at high speed. Of these apparatuses, 
the above demand is even stronger for a correlation apparatus used in motion detection of dynamic images, high-pre- 
cision analog-to<iigital and digital-to-analog converters, and the like. 

Since a technique such as a spread spectrum (SS) communication requires high-speed, multiple input signal 
processing on the GHz order in some cases, a demand for parallel processing of a large volume of data is becoming 
stronger in addition to further increases in processing speed and precision. 

Conventionally, when such functions are realized using a semiconductor integrated circuit, parallel arithmetic oper- 
ations are attained using a plurality of semiconductor chips so as to attain high-speed arithmetic operation processing. 
However, since the use of the plurality of semiconductor chips results in an increase in circuit area, an attempt for real- 
izing a one-chip circuit using the latest micropatterning rule has been made. 

Despite such attempt, since the conventional circuit arrangement basically has a large circuit scale, it requires a 
considerably large circuit scale even using the latest micropatterning rule, and circuit integration on one chip involves 
difficulty 

As is well known, when the number of bits of a signal to be processed increases, the circuit scale of such a chip 
sharply increases. For example, the circuit scale increases in proportion to a square of the number of bits to be oper- 
ated. 

Therefore, as the number of bits increases, the manufacturing cost of the apparatus increases, and the apparatus 
undesirably has a circuit scale that cannot be realized in practice. For example, a motion detection chip of the MPEG2 
method, which has been proposed as a compression/expansion method of dynamic images, has not been integrated 
on a single chip yet. 

SUMMARY OF THE INVENTION 

The present invention has been made in consideration of the above situation, and has as its object to provide a 
semiconductor device that can attain parallel processing, and can process data, especially, a large volume of data, with 
high precision and at high speed. 

It is another object of the present invention to provide a low-cost semiconductor device which can attain a high- 
speed arithmetic operation. 

It is still another object of the present invention to provide a semiconductor device which can prevent the circuit 
scale from extremely increasing even when the number of bits required for arithmetic operation processing increases. 

It is still another object of the present invention to provide a semiconductor device which can attain arithmetic oper- 
ation processing with low consumption power 

It is still another object of the present invention to provide a semiconductor device, in which one terminals of capac- 
itor means are connected to multiple input terminals via first switch which can select a positive or negative logic of an 
input signal, the other terminals of the capacitor means are commonly connected to first differential input unit of a dif- 
ferential input/output type sense amplifier via second switch, and the commonly connected portion of the capacitor is 
connected to second differential input unit of the differential input/output type sense amplifier via third switch, the sec- 
ond differential input unit having a polarity opposite to that of the first differential input unit. 

It is still another object of the present invention to provide a circuit having the semiconductor device, such as a cor- 
relation calculation apparatus, a signal converter including A/D and D/A converters, and a signal processing system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 . 5. and 6 are schematic circuit diagrams for explaining examples of the circuit arrangement according to the 
present invention; 

5 Fig. 2 is a schematic timing chart for explaining an example of the driving timings of the circuit shown in Fig, 1 ; 

Fig. 3 is a schematic circuit diagram for explaining an example of a differential input/output type sensor amplifier; 
Fig. 4 is a schematic timing chart for explaining an example of the operation of the differential input/output type sen- 
sor amplifier; 

Fig. 7 is a schematic timing chart for explaining an example of the operation when a latch type sense amplifier 
10 shown in Fig. 6 is ON; 

Fig. 8 is a schematic circuit diagram for explaining an example in which the present invention is applied to a corre- 
lation arithmetic operation circuit; 

Fig. 9 is a schematic circuit diagram for explaining an example in which the present invention is applied to an A/D 
converter; 

15 Fig. 1 0 is a schematic block diagram for explaining an example in which the present invention is applied to a motion 
detection circuit: 

Fig. 11 A is a schematic block diagram for explaining an example in which the present invention is applied to a circuit 
for performing image processing; 

Fig. 1 1 B is a schematic circuit diagram for explaining an example of the circuit arrangement for one pixel of an opti- 
20 cal sensor in Fig. 1 1 A; and 

Fig. 1 1 C is a schematic view for explaining an example of the arithmetic operation contents of the image process- 
ing. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

According to the present invention, by utilizing the potential difference between signals having different polarities 
and input to a differential input/output type sense amplifier, high-precision processing can be realized. 

More specifically, according to the present invention, first switch means that can select a positive/negative logic of 
an input signal are arranged at multiple input terminals, capacitor means are connected via the first switch means, one 

30 terminal of each of the capacitor means is commonly connected to first differential input means of a differentiaf 
input/output type sense amplifier via second switch means, and the commonly connected portion is also connected to 
second differential input means of the differential input/output type sense amplifier via third switch means, the second 
differential input means having a polarity obtained by inverting that of the first differential input means, thereby realizing 
a semiconductor device which can output a logic amplitude differential output having a polarity according to the input 

35 potential difference, and achieving the above-mentioned objects. 

In the semiconductor device, the positive and negative logic signal change components (having the same absolute 
value but opposite polarities), which appear at the commonly connected portion of the multiple input capacitor means 
via the capacitor means, are written in the first and second differential input terminals of the differential input/output type 
sense amplifier via the second and third switch means to turn on the differential input/output type sense amplifier. 

40 thereby attaining high-precision, high-speed parallel arithmetic operation processing, and reducing the circuit scale and 
consumption power. 

Since high sensitivity is obtained, the number of parallel input signals can be increased (e.g.. up to 50 to several 
hundreds of inputs), the number of parallel processing stages per cycle can be increased, and a high-speed system as 
a whole can be realized. 

45 A semiconductor circuit has a plurality of semiconductor devices as described above, and inputs the output and/or 
inverted output of the first semiconductor device of the plurality of semiconductor devices to the second semiconductor 
device, e.g.. majority circuits are slave-connected, thus realizing various functional arithmetic operations with a simple 
arrangement. 

Furthermore, in the semiconductor circuit using the semiconductor devices, when the minimum capacitance of the 
50 capacitor means corresponding to the multiple input terminals is represented by C. the total capacitance value of the 
capacitances of the commonly connected capacitor means is set to be substantially an odd multiple, i.e.. exactly or 
roughly an odd multiple, of the capacitance C. and a plurality of stages of majority circuits are used, thus attaining an 
integrated circuit on which 3-brt binary circuits with a simple arrangement having a small number of stages are inte- 
grated at a high density 

55 Using the semiconductor device of the present invention, a correlation calculation apparatus for performing a cor- 

relation arithmetic operation of inputs at the multiple input terminals, a signal converter such as an A/D converter for 
inputting an analog signal to the semiconductor device and outputting a digital signal corresponding to the analog signal 
and a D/A converter for inputting a digital signal to the semiconductor device and outputting an analog signal corre- 
sponding to the digital signal, a signal processing system including at least one of the arithmetic operation apparatus, 
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and the signal converter such as the A/D and D/A converters, and the like can be realized. According to the present 
invention, in any case, an apparatus, a converter, or a signal processing system which can attain precise signal trans- 
mission, a small circuit scale, and high-speed processing, and has a broad use range, can be realized. Furthermore, 
this system can include an image input device for inputting an image signal, and a storage device for storing informa- 
5 tion. thus further widening the application range of the system. 

[First Embodiment] 

Fig. 1 is a schematic circuit diagram according to the first embodiment of the present invention. Referring to Fig. 1 , 
10 a differential input/output type sense amplifier 1 has a first input terminal 10 (+ input terminal) and a second input ter- 
minal 1 1 {- input terminal). Of course, the first input terminal 10 may serve as the - input terminal, and the second input 
terminal 1 1 the + input terminal. The amplifier 1 also has an inverted output terminal 26, and a non-inverted output ter- 
minal 27. When the differential input/output type sense amplifier 1 comprises an RS flip-flop type latch differential sense 
amplifier, since the input and output terminals are commonly used, the first input terminal 10 and the non-inverted out- 
15 put terminal 27 are commonly connected, and the second input terminal 1 1 and the inverted output terminal 26 are 
commonly connected. The operation of this amplifier will be described later with reference to Fig. 5. The differential 
input/output type sense amplifier 1 is ON/OFF-controlled by a control signal 19 S-ON, 

On the other hand, at the input stage, n parallel multiple input signals 31. 32 33 will be referred to as input sig- 
nals Q-i to On- n input signals are respectively input to reset switch input blocks 28. The operation of each reset switch 
20 input block 28 will be described below while taking the input signal as an example. The input signal is logically 
inverted via an inverter 30, and the inverted signal is input to a capacitor 20 via a first signal reset switch 24. thereby 
logically resetting an input terminal a of the capacitor 20 to the input signal when the first signal reset switch 24 
is turned on. The signal reset switch 24 is controlled by a signal PRES 12. On the other hand, the input signal is 
transferred to the capacitor Ci via a signal transfer switch 25 without going through the inverter 30. The signal transfer 
25 switch 25 is controlled by a transfer control signal PT 13. 

Note that the input signal and a signal appearing at a floating node b of the commonly connected terminal of the 
capacitors have the following relationship. Let to Qp be n input signals, and to Cp be input capacitors connected 
to the respective reset switch input blocks 28. Also, let AV^ to AVp be the potential change amounts due to the input sig- 
nals Q-i to On from an initial state when the reset switches 24 are turned on, and AVf be the potential change amount 
~30 " of the floating node b. The sum total of charges at the floating node b remains the sarhe before and after the signal input 
(the principle of conservation of charge), and is expressed by equation (1) below: 

C,(AV, - AV,) + C2(AV2-AV^)+ . • • +C,(AV,- AVf) = CoAV, (1) 

35 where Cq is a parasitic capacitance 23 or the like of the floating node b. 
When the above equation is modified, we have: 

n 

AV, = !^^l^^ [V] (2) 

45 More specifically, the linear sum of potential changes at the respective terminals weighted with is output as a 

potential change at the floating node b. The input signals to can be either an analog or digital signal. In the case 
of analog signals, the circuit can be used as a neuron element for weighting and detecting the magnitudes of inputs at 
the respective terminals. On the other hand, in the case of digital signals, a majority logic circuit for comparing the num- 
bers of H- and L-fevel signals of input signals can be constituted. A first reset switch 4 serves as reset means for reset- 
so ting the floating node b to the potential of a first reset voltage source 7. and is controlled by a control signal R 14. A 
second reset switch 5 serves as reset means for initially resetting the input terminal 10 of the differential input/output 
type sense amplifier 1 to the potential of a second reset voltage source 8. and is controlled by a control signal PR1 . A 
third reset switch 6 serves as reset means for resetting the input terminal 1 1 to the voltage of a second reset power sup- 
ply 9, and is controlled by a control signal PR2. A first signal transfer switch 2 transfers the input arithmetic operation 
55 result at the floating node b to the input terminal 10 of the differential input/output type sense amplifier 1 . and is control- 
led by a control signal 15 CN1. A second signal transfer switch 3 transfers the input arithmetic operation result at the 
floating node b to the input terminal 1 1 of the differential input/output type sense amplifier 1 , and is controlled by a con- 
trol signal 18CN2. 
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Fig. 2 is a timing chart for explaining an example of the operation timings of the circuit of this embodiment shown 
in Fig. 1 . An example of the operation of this embodiment will be described below with reference to Fig. 2. 

The logics of signals applied to the input terminals are inverted via the inverters 30. In this state, since the control 
signal 12 PRES is in the ON state, the input terminals a of the n capacitors Ci. C2..... Cp are reset by the values of the 

5 inverted logic potentials Qi (inverted). O2 (inverted)...., Qp (inverted) of the input signals Qi, Q2 Qn via the signal 

reset switches 24. At substantially the same time, the first reset switch 4 is turned on by the control signal 14 R and the 
floating node b as the common terminal of the capacitors is reset to the first reset potential 7. In addition, the second 
and third reset switches 5 and 6 are turned on by the control signals PR1 and PR2. and the input terminals 10 and 1 1 
of the differential input/output type sense amplifier are reset to the second and third reset potentials 8 and 9. respec- 

10 tively. When the power supply voltage is a 5-V system, these reset potentials 7, 8. and 9 preferably use 2.5 V half the 
power supply voltage. However, the reset potentials are not limited to this voltage, but may be other voltages. The first 
reset potential 7 need not always be equal to the second and third reset potentials 8 arnj 9, but may be different from 
' each other. In some cases, the second and third reset potentials 8 and 9 may be DC potentials which are offset by a 
voltage corresponding to the input offset voltage of the differential input/output type sense amplifier 1 in the opposite 

15 direction and cancel the offset components of the differential input/output type sense amplifier 1 . 

In this manner, a period in which the two terminals of each capacitor and the two terminals of the differential 
input/output type sense amplifier 1 are reset is called an initial reset period in Fig. 2. When the respective nodes have 
reached the reset potentials, the reset switches 24. 4. 5. and 6 are turned off. and the two terminals of each capacitor 
and the potential of the differential input/output type sense amplifier 1 are held at the reset potentials. 

20 When the signal transfer pulse PT is turned on. the signal transfer switches 25 are turned on. and non-inverted sig- 
nals Qi . Q2 Qn are simultaneously transferred to the n capacitors , C2 Cp- Assuming that the power supply volt- 
age is a 5-V system and the input signal is a binary signal of 0 V at L level and 5 V (= power supply voltage) at H level, 
the voltage difference between the initial reset potential and the input signal can be a maximum of 5 V as the signal 
change component at that time, that is. a potential change equivalent to the power supply voltage can be obtained. 

25 Thus, the potential change at the floating node b increases accordingly in correspondence with equation (2). The poten- 
tial change at the floating node b at that time is given by equation (3) below: 

n 

^° AV , (non-inverted) = ^ (3) 

x=0 



35 where the value of AV^ is -5 V (reset potential of 5 V when input signal is 0 V) or +5 V (reset potential of 0 V when 
input signal is 5 V). and Cq is the parasitic capacitance or the like of the floating point b. 

Subsequently, since the control signal 15 CN1 is ON. the potential variation AVf (non-inverted) of the floating node 
b upon change in input signal is transferred to the input terminal 10 of the differential input/output type sense amplifier 
1 via the first signal transfer switch 2. When the potential of the input terminal 10 has changed by AV, (non-inverted) 

40 from the second reset potential 8. the control signal CN1 is turned off, and the value is held, in Fig. 2. this period corre- 
sponds to a non-inverted signal transfer period. 

The floating node b as the common terminal of the capacitors is reset to the first reset potential 7 again via the first 
reset switch 4 by the control signal R. In Fig. 2. this period corresponds to a floating reset period. 

At this time, the input terminals a of the n capacitors C2 Cp are reset by the non-inverted logics of the input 

45 signals, i.e., non-inverted signals 0^. Q2 Qn this state, when the control signal 12 PRES is turned on. the first sig- 
nal reset switches 24 are turned on, and the input terminals a are reset again by the values of the inverted logic poten- 
tials Qi (inverted), Q2 (inverted),.... Qp (inverted) of the input signals Q-,. Q2..... Qn v'a the inverters 30. In this manner, 
the inverted logics of the signals are transferred to the capacitors Ci. C2.. Cp as input signals, thus obtaining a poten- 
tial change at the floating node b. From equation (2), the potential change AVf (inverted) at the floating node b at that 

50 time is: 

A\/ (inverted) = [V] W 

x=0 
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Since the control signal CN2 is ON. the signal potential variation AV, (inverted) of the potential at the floating 
node b is transferred to the input terminal 1 1 of the differential input/output type sense amplifier 1 via the second signal 
transfer switch 3. When the potential at the terminal 1 1 has changed by AVf (inverted) from the third reset potential 9. 
the control signal CN2 is turned off. and the value is held. In Fig. 2, this period corresponds to an inverted signal transfer 
5 period. 

Upon completion of the inverted signal transfer period, the input terminals 10 and 11 of the differential input/output 
type sense amplifier 1 respectively hold changes from the reset potentials, given by equations (3) and (4). Potentials 
V1N10 3"cl V||sjiT including the reset potentials and held at the input terminals 10 and 1 1 are respectively given by equa- 
tions (5) and (6): 

10 

n 

V 1N10 = V RESETS + , (non-inverted) = V ^^^^^jq + (5) 

15 

x=0 

where Vresets 'S the reset potential determined by the second reset potential 8. 

20 n 



V 1N11 = V RESET9 + , (inverted) = V p,gsET9 + , (inverted) = V f^^^^j^ + (6) 



■C,AV, 

I 

n 



25 

where Vresets 'S the reset potential determined by the third reset potential 9. 

Assuming that V resets = ^ resets . the differential input potential difference aV||,j of the differential input/output 
type sense amplifier 1 is given by. 

30'"' 



C^AV 

IN = V ,N10 - V = V resets + "-^h (V PESET9 + '"^^ ) (7) 



35 



x=0 x=0 



x=1 



n 

x=0 

n n 

[£AV Jand[£-AV J (8) 

45 x=0 x=1 

Since the above formula (8) has equal absolute values of linear sums, and opposite +/- signs ( aV , = -AV , (inverted) ). 
equation (7) can be modified as follows: 

so 



£C,AV,-£C,AV, 2£C,AV, 
^V,^ = 5=^ = ^^^ (9) 



x=0 x=0 



As described above, when the power supply voltage is, e.g., a 5-V system. AV^ given by equation (9) is a maxi- 
mum of 5 V. Since the signal change aV+ (non-inverted) of the input terminal 10 by the non-inverted logic signal transfer 
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and the signal change AV^ (inverted) of the input terminal 1 1 by the inverted logic signal transfer are received by the 
differential input operations of the differential input/output type sense amplifier 1 . they become twice as large as the sig- 
nal change on one side, as shown in equation (9). In this manner, the potential changes from the reset potentials as the 
capacitive arithmetic operation results can be increased before the differential input/output type sense amplifier 1 . as 
5 shown in equation (9). and the sense amplifier 1 can perform high-precision, high-speed processing. 

Next, while the differential input potential difference aVin given by equation (9) is held at the differential input termi- 
nals, the sense amplifier 1 is turned on by the control signal 19 S-ON. With this operation, upon reception of the large 
differential input potential difference aV,n. the differential input/output type sense amplifier 1 is enabled, and parallelly 
discriminates the arithmetic operation results with high precision and at high speed. Then, the sense amplifier 1 sup- 
70 plies a non-inverted output OUT 27 and an inverted output OUT 26 to the next stage as differential outputs. 

When the differential input/output type sense amplifier 1 is set to have a higher gain, the number of parallel signals 
to be processed can be increased (up to 50 to several hundreds), and the arithmetic operation speed of the entire 
processing system can be improved. 

Fig. 3 shows an example of the arrangement of the differential input/output type sense amplifier 1 . Since the same 
15 reference numerals in Fig. 3 denote parts having the same functions as in Fig. 1 . a detailed description thereof will be 
omitted, in Fig. 3. the differential potential given by equation (8) is held between the + and - input terminals 10 and 11 
of the differential input/output type sense amplifier 1 via the processes from the initial reset period to the inverted signal 
transfer period, as has been described in the embodiment shown in Fig. 1 . 

Referring to Fig. 3. the voltage at the + input terminal 10 is applied to the gate of an NMOS transistor 600. and the 
20 voltage at the - input terminal 1 1 is applied to the gate of an NMOS transistor 601 . The NMOS transistors 600 and 601 
constitute a differential pair having a common source terminal, and the source terminal is connected to the drain of an 
NMOS transistor 604. which performs a constant current operation. The source of the NMOS transistor 604 is con- 
nected to the GND potential, and its gate is commonly connected to the gate of an NMOS transistor 613. The commonly 
connected gate is connected to the control signal S-ON 19. When the control signal S-ON 19 is activated, the NMOS 
25 transistors 604 and 61 3 for a constant current source are turned on to serve as a constant current source, and the com- 
mon source terminal of the NMOS transistors 600 and 601 is connected to the drain of the NMOS transistor 604. 

The differential pair. i.e.. the NMOS transistors 600 and 601 are turned on. In this state, active loads, i.e.. a PMOS 
transistor 602 whose gate-drain path is connected to the drain of the NMOS transistor 600. and a PMOS transistor 603 
whose drain is connected to the drain of the NMOS transistor 601 begin to operate. The source of the PMOS transistor 
30 602 is connected to a power supply V^d 84, its gate is short-circuited to its drain, and the gate-drain path is connected 
to the drain of the NMOS transistor 600 and the gate of the PMOS transistor 603. and is connected, as an output, to the 
gate of an NMOS transistor 609 as one transistor of a differential pair in the next stage. 

The source of the PMOS transistor 603 is connected to the power supply V^d 84. and its drain is connected to the 
drain of the NMOS transistor 601 . The contact between these two drains is connected, as an output, to the gate of an 
35 NMOS transistor 61 0 as the other transistor of the differential pair in the next stage. 

The NMOS transistors 609 and 610 constitute a differentia! pair having a commonly connected source terminal, 
which is connected to the drain of the NMOS transistor 613. The drains of the NMOS transistors 609 and 610 are con- 
nected to the drains of PMOS transistors 61 1 and 612 serving as active loads. The sources of the PMOS transistors 
61 1 and 612 are connected to the power supply Vdd 84. and their gates are commonly connected to a voltage source 
40 Vg. The voltage source Vb supplies a voltage for turning on/off the PMOS transistors 61 1 and 612 in synchronism with 
the control signal S-ON. More specifically, when the control signal S-ON is logically active, the NMOS transistors 604 
and 613 for the constant current source are turned on. and in synchronism with this turn-on operation, the voltage 
source generates a voltage for switching the PMOS transistors 61 1 and 612 from the OFF state to the ON state. As 
a result, the PMOS transistors 61 1 and 612 are turned on. and serve as active loads of the constant current source. 
45 During the sense amplifier ON period shown in Fig. 2. the control signal S-ON is activated to form an initial differ- 

ential amplifier consisting of the input stage NMOS differential pair (600 and 601) and the active PMOS loads 602 and 
603. and the next stage differential amplifier consisting of the input stage NMOS differential pair (609 and 610) and the 
constant current PMOS loads 61 1 and 612. thus turning on the block of the differential input/output type sense amplifier 
1 . In this state, the differential voltage aV,n between the -i- and - input terminals 10 and 1 1 is amplified by the two differ- 
so ential CMOS amplifiers and appears at the drains of the next stage differential pair (609 and 610) as differential outputs 
with a large amplitude. Then, in a transfer gate 102 consisting of NMOS and PMOS transistors 620 and 621 connected 
to the NMOS transistor 610 and a transfer gate 103 consisting of NMOS and PMOS transistors 623 and 624 connected 
to the drain of the NMOS transistor 609. when a control signal ST changes to high level, i.e. is turned on, the NMOS 
transistors 620 and 623 are turned on. and the PMOS transistors 621 and 624 are turned on by setting their gates at L 
55 via inverters 622 and 625. 

As a result, when voltages as the differential outputs obtained by the second differential CMOS amplifier are sup- 
plied to the transfer gates 102 and 103. an inverter 100 consisting of NMOS and PMOS transistors 626 and 627 in the 
next stage outputs a non-inverted output, and an inverter 101 consisting of NMOS and PMOS transistors 628 ard 629 



7 



BNSDOCID: .^EP 0725357A2> 



EP 0 725 357 A2 



in the next stage outputs an inverted output. At this time, simultaneously with the turn-off operation of the control signal 
S-ON, the transfer gates 102 and 103 are turned off. In this manner, one arithmetic operation cycle is completed. 

Even when the transfer gates 102 and 103 are ON, the gate voltages are held, and the outputs hold the previous 
output states until the next arithmetic operation cycle. In this state, the signals are transferred to the next stage, and the 

5 differential input/output type sense amplifier 1 waits for processing in the next cycle. Fig. 4 is a timing chart of S-ON, 
Vg. and ST. Fig. 4 shows the operation from the inverted signal transfer period to the next initial reset period in Fig. 2, 
and shows the timing relationship among the control signal S-ON for operating the sense amplifier 1 , the inverted volt- 
age source Vg synchronized with the signal S-ON, and the control signal ST for controlling the transfer gates 102 and 
103 in the output section of the sense amplifier 1 . Even when the control signal ST changes from high level to low level. 

10 the outputs hold the output states. 

[Second Embodiment] 

The second embodiment according to the present invention will be described below with reference to Fig. 5. The 
15 same reference numerals in Fig. 5 denote parts having the same functions as in Fig. 1. and a detailed description 
thereof will be omitted. In this embodiment, the differential input/output type sense amplifier 1 comprises a latch type 
sense amplifier The input terminal 10 in Fig. 1 directly becomes an output signal OUT 27, which is supplied to the next 
stage. Similarly the input terminal 1 1 in Fig. 1 directly becomes an output signal OUT (inverted) 26. and supplies the 
inverted logic of the output signal OUT to the next stage. 
20 The operation will be described below with reference to Fig. 2. The operations from the initial reset period to the 
inverted signal transfer period are the same as those in the first embodiment, and a difference voltage given by equation 
(10) below is generated at the input/output terminals 10 and 1 1 in Fig. 5: 



25 2 ^ C .AV 
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^^^H = —n (10) 



x=0 

The differential input/output type sense amplifier comprises an RS latch constituted by inverters 31 and 32, and 
the latch type sense amplifier 1 is ON/OFF-controfled by the control signal S-ON. 

After an elapse of the inverted signal transfer period shown in Fig. 2. assume that the potential relationship 
between the input terminals 10 and 1 1 of the latch type sense amplifier 1 satisfies Vin^q > ^inh. and also satisfies: 

n 

I^INIO '^resets! = I^INII "^RESETsI = ("•"•) 

x=0 

Then, equation (11) can be rewritten as equation (12) or (13) below: 



' INIO = ^ RESETS + '^^^^Ti (^^^ 
x=0 



^ INII = ^ RESET9 ■ ^^^^4t (^^^ 
x=0 
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When the latch type sense amplifier 1 is turned on by setting the control signal S-ON at high level while holding the 
potentials given by equations (12) and (13) at the input terminals 10 and 1 1 . the potential Vi^io higher than the reset 
potential of the input terminal 10 drifts to a higher potential due to the positive feedback effect of the latch type sense 
amplifier 1 . and finally stabilizes at the power supply voltage Vdd- 

5 On the other hand, the potential V,ni i lower than the reset potential of the input terminal 1 1 similarly drifts to a lower 

potential due to the positive feedback effect, and finally stabilizes at the GND potential Similarly, when Vi^io < V|ni i. 
the potential of the input terminal 10 finally stabilizes at the GND potential, and that of the input terminal 1 1 finally sta- 
bilizes at the power supply voltage V^d- In this manner, when the differential input terminals are set to have a large 
potential difference before the latch type sense amplifier 1 is turned on, a high-precision, high-speed arithmetic opera- 

10 tion can be realized. When the sensitivity of the latch type sense amplifier 1 is improved, multiple input (e.g., 50 to sev- 
eral hundreds of inputs) arithmetic operations can be attained, and the number of parallel arithmetic operations can be 
improved, resulting in high arithmetic operation speed of the signal processing system. In this embodiment, the latch 
type sense amplifier itself has a data storage function, and can hold data until the next arithmetic operation. For this rea- 
son, when the number of parallel arithmetic operations increases, and signals to be transferred to the next stage are 

15 delayed relative to each other due to the delay time of the connection wiring lines, or noise is mixed in signals due to 
crosstalk, the outputs from the latch type sense amplifier can consequently realize high-precision signal transmission 
according to fundamental arithmetic operation clocks since they are latched, thus assuring high-precision parallel arith- 
metic operation processing. 

The input terminals 10 and 1 1 of the latch type sense amplifier can transfer the arithmetic operation result OUT and 
20 the inverted logic output of the arithmetic operation result OUT to the next stage. For this reason, these outputs can be 
transferred to the next stage as differential outputs. When the next processing system has multiple input terminals 
shown in the input stage of Fig. 1 or 5. the output signal OUT 27 and the inverted sign'&l OUT (inverted) 26 can be 
directly connected to the signal transfer switches 25 and the signal reset switches 24 connected to the input arithmetic 
operation capacitors without using the inverters 30 in the reset switch blocks 28 in the subsequent processing, since 
25 these signals have opposite logic levels, thus simplifying the circuit arrangement and reducing the consumption power. 

[Third Embodiment] 

The third embodiment according to the present invention will be described below with reference to Fig. 6. The same 
30 reference numerals in Fig. 6 denote parts having the same functions as in Fig. 5, and a detailed description thereof will 
be omitted. The circuit operation of this embodiment will be described with reference to Fig. 2. but the detailed timings 
during the sense amplifier ON period will be independently described with reference to Fig. 7. 

In Fig. 6. in each reset switch input block 28. the first signal reset switch 24 in Fig. 5 is constituted by an NMOS 
transistor 74. a PMOS transistor 75, and an inverter 72. and serves as a transfer gate for the signal reset switch. The 
35 switch 24 is turned on when the control signal PRES 12 is at H, and resets the input terminal a of the capacitor Ci to 
the inverted logic of the input signal Qi . 

In the reset switch input block 28. the signal transfer switch 25 in Fig. 5 serves as a transfer gate for signal transfer 
constituted by an NMOS transistor 76. a PMOS transistor 77, and an inverter 30 in Fig. 6. The switch 25 is turned on 
when the control signal PT 13 is at H. and writes the non-inverted logic of the input signal at the input terminal a of 
40 the capacitor Cv On the other hand, the first reset switch 4, the second reset switch 5. the third reset switch 6. the non- 
inverted logic signal transfer switch 2. and the inverted logic signal transfer switch 3 in Fig. 5 respectively correspond to 
NMOS transistors 70. 56. 57. 58, and 96. A reset potential 83 is a target potential to converge when the respective 
nodes are turned on by the corresponding switches. In this case, the first, second, and third reset switches are given an 
identical reset potential 83. 

45 In the timing chart shown in Fig. 2 that explains the operation of this embodiment, the corresponding switches are 

turned on/off from the initial reset period to the inverted signal transfer period, and nodes 10 and 1 1 of the input termi- 
nals have a potential difference given by the following equation (14): 

n 

50 2£CxAV^ 

AV,, = ^^1^ (14) 

x=0 

55 

When the potential relationship between the input terminals 10 and 1 1 as the nodes satisfies Vi^io > Vini i . the 
reset potential 83 is represented by Vresetss. potentials V,nio and V,^^ ^ are respectively given by equations (15) and 
(16) below: 
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Input terminal 10: V ^^^q = V resetss ''-^ (15) 

x=0 



10 Input terminal 11: V|Nii = Vreset83 - '^^^T; C6) 

x=0 



15 The input terminals 10 and 11 as the nodes are held at the potentials given by equations (15) and (16). 

In this state, as shown in Fig. 7. during the sense amplifier ON period, a signal EV is turned on to set an NMOS 
transistor 55 in the ON state. At this time, NMOS transistors 50 and 51 having a common source terminal serve as a 
differential NMOS latch. In this case, since the NMOS transistor 51 is turned on, and the NMOS transistor 50 is turned 
off. these transistors drain the charges accumulated on the input terminal 1 1 and the potential, as the lower potential, 

20 of the input terminal 1 1 (the node between the drain of the NMOS transistor 51 and the gate of the NMOS transistor 50) 
drifts to the GND potential due to the positive feedback effect while the potential, as the higher potential, of the input 
terminal 10 (the node between the drain of the NMOS transistor 50 and the gate of the NMOS transistor 51) is held. In 
this manner, when a potential difference larger than an initial potential difference is generated between the input termi- 
nals 10 and 1 1 . a control signal LT 79 changes from H to L to turn on a PMOS transistor 54. The source of the PMOS 

25 transistor 54 is connected to a power supply V<j<j 84. and when the PMOS transistor 54 is turned on. PMOS transistors 
52 and 53 having a common source terminal serve as a differential PMOS latch. As a result, since the NMOS and 
PMOS latches are completely turned on. the potential, as the lower potential, of the input terminal 1 1 (the node between 
the drain of the NMOS transistor 51 and the gate of the NMOS transistor 50) quickly approaches the GND potential due 
to the positive feedback effect, and the potential of the input terminal 10 (the node between the drain of the NMOS tran- 
" 30 sfstor 50 and the gate of the NMOS transistor 51) approaches the power supply voltage 84 due to the positive feedback 
effect since the potential of the input terminal 1 1 quickly drops to the GND potential. In this manner, the input terminal 
10 is latched at logic "H", and the input terminal 1 1 is latched at logic "L". 

The output signal OUT 27 from the node 10 and the output signal OUT (inverted) 26 from the node 1 1 are respec- 
tively transferred to the next stage as differential outputs. 

35 When the potential relationship between the input terminals 10 and 1 1 satisfies Vj^TO < V|nii. the input terminal 10 

is latched at logic "L" and the input terminal 1 1 is latched at logic "H" by a similar positive feedback operation. 

As described above, when differential signals having a large potential difference therebetween are input to the sig- 
nal input terminals of the latch type sense amplifier, high-precision, high-speed processing is assured. 

By increasing the positive feedback gain of the latch type sense amplifier, multiple input arithmetic operations (e.g.. 

40 50 to several hundreds of inputs) can be realized, thereby improving the number of parallel arithmetic operations and 
increasing the arithmetic operation speed of the processing system. 

The latch type sense amplifier itself has a data storage function, and can hold data until the next arithmetic opera- 
tion. For this reason, when the number of parallel arithmetic operations increases, and signals to be transferred to the 
next stage are delayed relative to each other due to the delay time of the connection wiring lines, or noise is mixed in 

45 signals due to crosstalk, the outputs from the latch type sense amplifier can consequently realize high-precision signal 
transmission according to fundamental arithmetic operation clocks since they are latched, thus assuring high-precision 
parallel arithmetic operation processing. 

The input terminals 10 and 1 1 of the latch type sense amplifier can transfer the arithmetic operation result OUT 27 
and the inverted logic output of the arithmetic operation result OUT 26 to the next stage. For this reason, these outputs 

50 can be transferred to the next stage as differential outputs. For this reason, in the subsequent processing, the output 
signal OUT 27 and the inverted signal OUT (inverted) 26 can be directly input to the input terminal (the node between 
the sources of the NMOS transistor 74 and the PMOS transistor 75) of the signal transfer gate for the signal reset switch 
and the input terminal (the node between the sources of the NMOS transistor 76 and the PMOS transistor 77) of the 
transfer gate for the signal transfer without using the inverters 30 in the reset switch blocks 28 of the next stage, thus 

55 attaining a simple circuit arrangement, a consumption power reduction, and an improvement of the processing speed. 
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[Fourth Embodiment] 

The fourth embodiment in which the above-mentioned semiconductor device is applied to a correlation arithmetic 
operation circuit will be described below with reference to Fig. 8. In Fig. 8. the correlation arithmetic operation circuit 

5 comprises majority arithmetic operation circuit blocks 221 -A, 221 -B. and 221 -C each having seven input terminals, 
inverters 222. and comparators 223 for comparing signals at input terminals 232 and corresponding correlation coeffi- 
cients 233. Input terminals 224 and 225 of the majority arithmetic operation circuit blocks 221 -B and 221 -C receive the 
same signals as seven input signals input to the majority arithmetic operation circuit block 221 -A. Input terminals 226. 
227, and 228 receive output signals from the previous majority arithmetic operation circuit blocks. Capacitors 229, 230, 

70 and 231 are connected to the input terminals 226. 227, and 228 and respectively have capacitance values 4C, 2C. and 
4C (C is the capacitance connected to a normal input terminal). 

Referring to Fig. 8. input signals are input to the comparators 223 together with corresponding correlation coeffi- 
cients 233. When the input signal coincides with the correlation coefficient 233. each comparator 223 outputs a HIGH- 
LEVEL signal; othenwise. it outputs a LOW-LEVEL signal. The outputs from the comparators 223 are input to the major- 

15 ity arithmetic operation circuit blocks 221 -A to 221 -C. For example, when the outputs from the comparators 223 are 
input to the 7-input majority arithmetic operation circuit block 221 -A, if the number of HIGH-LEVEL signals is a majority 
i.e.. if four or more out of seven inputs are HIGH-LEVEL signals, the majority arithmetic operation circuit block 221 -A 
outputs a HIGH-LEVEL signal. Column S3 in Table 1 below shows this output state. 

Similarly the majority arithmetic operation circuit block 221 -B having a total of 1 1 inputs, i.e.. the seven input termi- 

20 nals 224 and the input terminal 226 having a capacitance 4C equivalent to four inputs, outputs a HIGH-LEVEL signal 
when six or more inputs are HIGH-LEVEL signals. Column S2 in Table 1 below shows this output state. On the other 
hand, the majority arithmetic operation circuit block 221 -C having a total of 13 inputs, i.e.. the seven input terminals 225. 
the input terminal 228 having a capacitance 4C equivalent to four inputs, and the input terminal 227 having a capaci- 
tance 2C equivalent to two inputs, outputs a HIGH-LEVEL signal when seven or more inputs are HIGH-LEVEL signals. 

25 Column SI in Table 1 below shows this output state. 

More specifically, column S3 shows the output values of the 7-input majority arithmetic operation circuit block in 
units of the numbers of HIGH-LEVEL signals in the input signals. Subsequently, as shown in Fig. 8, the output from the 
7-input majority arithmetic operation circuit block 221 -A is inverted by the inverter 222. and the inverted output is applied 
to the weighted input terminal 226 of the majority arithmetic operation circuit block 221 -B. The majority arithmetic oper- 

30 ation circuit block 22 1 -B serves as an 11 -input majority arithmetic operation circuit in which 1 1 "C"s are commonly con- 
nected, four out of these 1 1 "C"s receive a signal from the weighted input terminal, and the remaining seven terminals 
receive the same signals as those input to the majority arithmetic operation circuit block 221 -A. For example, when four 
or more out of seven inputs are HIGH-LEVEL signals, a LOW-LEVEL signal is applied to the weighted input terminal, 
as described above. Furthermore, when six or more of seven input signals input to the input terminals other than the 

35 weighted input terminal are HIGH-LEVEL signals, the 1 1 -input majority arithmetic operation circuit determines a major- 
ity as a whole, and outputs a HIGH-LEVEL signal. When four or more and five or less out of seven inputs are HIGH- 
LEVEL signals, a LOW-LEVEL signal is output since a majority is not determined. On the other hand, when three or 
less out of seven inputs are HIGH-LEVEL signals, a HIGH-LEVEL signal is applied to the weighted input terminal 226. 
When two or more and three or less out of seven inputs are HIGH-LEVEL signals, since 4 + 2 or 4 + 3 yields 6 or more. 

40 a majority is determined, and a HIGH-LEVEL signal is output. On the other hand, when one or less input is a HIGH- 
LEVEL signal, since 4 + 0 or 4 + 1 yields 6 or less, a LOW-LEVEL signal is output. Column S2 in Table 1 shows the 
output values of the majority arithmetic operation circuit block 221 -B in units of the numbers of HIGH-LEVEL signals. 

Also, when the inverted signals of the output signals from the majority arithmetic operation circuit blocks 221 -A and 
221 -B are applied to the two weighted input terminals 228 and 227 respectively having x4 and x2 capacitance values 

45 4C and 2C, the majority arithmetic operation circuit block 221 -C operates to obtain the outputs shown in column SI in 
Table 1 . With this circuit arrangement, as shown in Table 1 . the number of signals that coincide with the correlation coef- 
ficients of a plurality of input signals can be converted into a 3-digit binary value, and the binary value can be output. 

[Fifth Embodiment] 

50 

The fifth embodiment will be described below with reference to Fig. 9 and Table 2. This embodiment exemplifies a 
3-bit precision analog-to<iigital converter (to be referred to as an A/D converter hereinafter) using the present invention. 
The A/D converter shown In Fig. 9 comprises 1-. 2-. and 3-input arithmetic operation circuit blocks 121-A, 121-B. and 
121-C, and inverters 122. Input terminals 123, 124, and 125 receive output signals from the previous arithmetic opera- 
55 tion circuit blocks. Capacitors 126. 127. and 128 are connected to the input terminals 123. 124, and 125 and respec- 
tively have capacitance values C/2, C/2. and C/4 (C is the capacitance connected to a normal input terminal). An analog 
input terrriinal 129 and set input terminals 130 are respectively connected with capacitors 131 and 132 having capaci- 
tance values C/4 and C/8, The respective blocks have digital output terminals 81 , S2. and S3. 
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In this embodiment, a case will be exemplified wherein a 5-V system power supply is used. Referring to Fig. 9. the 
sense amplifier input of the arithmetic operation circuit block 1 21 - A is reset to 0 V. and those of the arithmetic operation 
circuit blocks 121-B and 121-C are reset to about 2.5 V. The signal input terminals 123, 123, and 125, and the input 
terminals of the input arithmetic operation capacitors 132 of the set input terminals 130 are reset to 5 V. At this time, the 

5 signal input terminal 1 29 is set at 0 V. Subsequently, assume that the set input terminals 130 are set at 0 V and the input 
voltage to the input terminal 129 is changed from 0 V to an analog signal voltage. In this case, in the arithmetic opera- 
tion circuit block 1 21 -A. when the analog input voltage becomes about 2.5 V or higher, the sense amplifier input voltage 
in the block 121 -A exceeds a logic inversion voltage (assumed to be 2.5 V in this case), and a HIGH-LEVEL signal is 
output. Column S3 in Table 3 shows the output result. 

w When the analog input signal is 2.5 V or higher, the input terminal 123 changes from 5 V as the reset potential to 

0 v. At this time, the potential change at the sense amplifier input terminal in the arithmetic operation circuit block 121- 
B is given by: 

{C X VA - {C/2) X 5 - (C/4) x 5}/(C + C/2 + C/4) [V] 

75 

where VA is the analog input signal voltage. 

As can be seen from this equation, the arithmetic operation circuit block 12VB outputs a HIGH-LEVEL signal when 
the analog signal voltage VA is equal to or higher than 3.7 V. and outputs a LOW-LEVEL signal when the voltage VA is 
equal to or higher than 2.5 V and lower than 3.75 V Column S2 in Table 2 shows the output result. 
20 Similarly, the output from the arithmetic operation circuit block 121-C is as shown in column SI in Table 2. 

According to this embodiment, as shown in Table 2, an A/D converter which converts an analog signal voltage into 
a 3-bit digital signal and outputs the digital signal can be realized by a very small arrangenrent which assures a high 
arithmetic operation speed and a low consumption voltage. 

This embodiment has exemplified a 3-bit A/D converter. However, the present invention is not limited to this, as a 
25 matter of course, and the number of bits can be easily increased. 

In this embodiment, a flash type A/D converter using capacitors has been exemplified. However, the present inven- 
tion is not limited to this. For example, the present invention may be applied to an encoder circuit section of an A/D con- 
verter which performs A/D conversion in such a manner that comparators compare signals input to a resistor array and 
a reference signal, and an encoder encodes the comparison results, thus obtaining the same effects as described 
3o'^ above. 

As described above, in the circuit block in which one terminal of capacitor means corresponding to multiple input 
terminals is commonly connected and the common terminal is input to the sense amplifier, a total of the capacitances 
of the capacitor means is roughly an odd multiple of C which is a minimum one of capacitor means connected to the 
multiple input terminals. 

35 When a correlation circuit has no control input terminal, all the capacitances connected to the input terminals have 

a minimum value. On the other hand, when the correlation circuit has control input terminals, as has been described 
above in, e.g., the fourth embodiment shown in Fig. 8. the capacitances connected to the control input terminals are 
even multiples of C like 2C and 4C. and the total of the capacitances of these terminals and an odd number of input 
signal terminals is substantially an odd multiple value of C. With this arrangement, a clear comparison with a desired 

40 reference value can be attained, thus improving arithmetic operation precision. 

In the above description, the correlation circuit has been exemplified- In the case of a binary D/A converter, if the 
signal input capacitance of the least significant bit (LSB) is represented by C. the capacitance of the next bit is 2C, that 
of the second next bit is 4C, and the like, i.e., the capacitance of each bit assumes a value twice as large as the imme- 
diately preceding bit. and the total of capacitances of multiple input terminals becomes substantially an odd multiple 

45 value of C. thus realizing a high-precision D/A converter. 

As for the A/D converter, as described above in the fifth embodiment shown in Fig. 9. the number of discrimination 
points for discriminating if the analog signal level is higher than or lower than 1/2 of the full range is set to be an odd 
number, i.e.. 1 (1C) in the block 121 -A. In the block 121-B, the number of discrimination points corresponding to dis- 
crimination criteria 1/4, 2/4. and 3/4 is three, i.e., an odd number, and the total of the capacitances has an odd multiple 

50 value, 1 + 2 + 4 = 7, to have C/4 as a minimum value. The block 121-C is set to have C/8 (minimum value). C/4. C/2, 
and C which are doubled sequentially, i.e., an odd multiple value, 1 + 2 + 4 + 8= 15. 

With this arrangement, since high-precision arithmetic operations can be attained without requiring any unneces- 
sarily large capacitances, low consumption power, and high-speed arithmetic operations can be realized. 

In the above description, the correlation arithmetic operation circuit and the A/D converter have been exemplified, 

55 However, the present invention is not limited to these units. For example, the present invention may be applied to vari- 
ous other logic circuits such as a digital-to-anatog converter, an adder, a subtracter, and the like, thus obtaining the 
same effects as described above. 

Especially, when the present invention is applied to a D/A converter, if the capacitance of the input terminal for 
receiving LSB data is represented by C. the capacitances need only be set to be twice as large as the immediately pre- 
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ceding value toward the most significant bit like 2C, 4C. 8C thus realizing a binary D/A converter. In this case, the 

outputs from the commonly connected terminals of the capacitors can be received by a source follower amplifier. 

[Sixth Embodiment] 

5 

The sixth embodiment will be described below with reference to Fig. 10. In the sixth embodiment, the technique of 
the present invention is applied to a motion detection circuit for. e.g.. dynamic images. Referring to Fig. 10. the motion 
detection circuit comprises memories 161 and 162 for respectively storing standard data and reference data, a corre- 
lation calculation unit 163, a control unit 164 for controlling the entire chip, an adding unit 165 for adding the correlation 

10 results of the correlation calculation unit 163, a register 166 for storing a minimum value of the sums output from the 
adding unit 165, a comparison storage unit 167 serving as a comparator and a unit for storing the address of the mini- 
mum value, and a unit 168 serving as an output buffer and an output result storage unit. A standard data string is input 
to an input bus 169. and a reference data string to be compared with the standard data string is input from an input bus 
170. The memories 161 and 162 comprise SRAMs. and are constituted by normal CMOS circuits. 

75 Data supplied from the reference and standard data memories 162 and 1 61 to the correlation calculation unit 163 
can be processed by high-speed parallel processing since the unit 1 63 comprises a correlation arithmetic operation cir- 
cuit of the present invention. For this reason, the unit 163 can not only attain very high-speed processing, but also be 
constituted by a smaller number of elements, thus reducing the chip size and cost. The correlation arithmetic operation 
result is scored (evaluated) by the adding unit 165. and is compared with the contents of the register 166 which stores 

20 the maximum correlation arithmetic operation result (minimum sum) before the current correlation arithmetic operation 
by the comparison/storage unit 167. If the current arithmetic operation result is smaller than the previous minimum 
value, the current result is newly stored in the register 166; if the previous result is smaller than the current result, the 
previous result is maintained. With this operation, the maximum correlation arithmetic operation result is always stored 
in the register 166. and upon completion of the operation of all the data strings, the final correlation result is output as, 

25 e.g.. a 1 6-bit signal, from an output bus 1 71 . 

The control unit 164, the adding unit 165, the register 166. the comparison/storage unit 167, and the unit 168 are 
constituted by conventional CMOS circuits in this circuit. In particular, when the adding unit 165 or the like adopts the 
circuit arrangement including reset circuits of the present invention, a high-precision sense amplifier operation can be 
realized, and high-speed processing can be realized. As has been described above, not only high-speed processing 

30 and low cost are realized but also the consumption current can be reduced since arithmetic operations are executed on 
the basis of capacitances via the latch circuits, thus realizing low consumption power. For this reason, the present 
invention is suitably applied to a portable equipment such as an 8-mm VTR camera or the like. 

[Seventh Embodiment] 

35 

The seventh embodiment of the present invention will be described below with reference to Figs. 11 A, 11B. and 
lie. The seventh embodiment presents a circuit arrangement which performs high-speed image processing before 
image signal data is read out upon integration of the technique of the present invention and an optical sensor (solid- 
state image pickup element). 

40 Fig. 1 1 A is a block diagram showing the overall arrangement of a circuit of this embodiment. Fig. 1 1 B is a circuit 

diagram showing the arrangement of a pixel portion of the circuit of this embodiment, and Fig. 1 1 C is a schematic view 
for explaining the arithmetic operation contents of this embodiment. 

Referring to Fig. 1 1 A. the circuit includes light-receiving portions 141 each including a photoelectric conversion ele- 
ment, line memories 143, 145, 147, and 149, correlation calculation units 144 and 148. and an arithmetic operation out- 

45 put unit 150. The light-receiving portion 141 shown in Fig. 118 includes coupling capacitor means 151 and 152 for 
connecting optical signal output terminals and output bus lines 142 and 146, a bipolar transistor 153. capacitor means 
154 connected to the base region of the bipolar transistor 153. arxl a switch MOS transistor 155. Image data input to 
an image data sensing unit 160 is photoelectrically converted by the base region of the bipolar transistor 153. 

An output corresponding to the photoelectrically converted photocarriers is read out to the emitter of the bipolar 

50 transistor 153. and raises the potentials of the output bus lines 1 42 and 1 46 in accordance with an input stored charge 
signal via the coupling capacitor means 151 and 152. With the above-mentioned operation, the sum of the outputs from 
the pixels in the column direction is read out to the line memory 147, and the sum of the outputs from the pixels in the 
row direction is read out to the line memory 143. In this case, if a region where the base potential of the bipolar transistor 
is raised via the capacitor means 154 of each pixel portion is selected using, e.g., a decoder (not shown in Figs. 1 1 A to 

55 1 1 C), the sums in the X- and Y-directions of an arbitrary region on the sensing unit 160 can be output. 

For example, as shown in Fig. 11 C, when an image 156 is input at time t^, and an image 157 is input at time tg. 
output results 158 and 159 obtained by respectively adding these images in the Y-direction become image signals rep- 
resenting the moving state of a vehicle shown in Fig. 1 1 C. and these data are respectively stored in the line memories 
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147 and 149 shown in Fig. 1 1 A. Similarly, data obtained by adding image data in the X-direction are stored in the line 
memories 143 and 145. 

As can be seen from the data string outputs 158 and 159 of image signals shown in Fig. 1 1C, the data of the two 
images shift in correspondence with the motion of the image. Thus, when the correlation calculation unit 148 calculates 
5 the shift amount, and the correlation calculation unit 1 44 similarly calculates data in the horizontal direction, the motion 
of an object on the two-dimensional plane can be detected by a very simple method. 

The correlation calculation units 144 and 148 shown in Fig. 1 1 A can comprise the correlation arithmetic operation 
circuit of the present invention. Each of these units has a smaller number of elements than the conventional circuit, and. 
in particular, can be at the sensor pixel pitch. This arrangement performs arithmetic operations on the basis of analog 
10 signals output from the sensor. However, when the A/D converter of the present invention is arranged between each 
line memory and the output bus line, a digital correlation arithmetic operation can be realized, needless to say. 

The sensor element of the present invention comprises a bipolar transistor. However, the present invention is also 
effective for a MOS transistor or only a photodiode without arranging any amplification transistor. 

Furthermore, this embodiment performs a correlation arithmetic operation between data strings at different times. 
15 Alternatively, when the X- and Y-projection results of a plurality of pattern data to be recognized are stored in one mem- 
ory, pattern recognition can also be realized. 

As described above, when the pixel input unit and the correlation arithmetic operation circuit or the like of the 
present invention are combined, the following effects are expected. 

20 (1) Since data which are parallelly and simultaneously read out from the sensor are subjected to parallel processing 

unlike in the conventional processing for serially reading out data from the sensor, high-speed motion detection and 
pattern recognition processing can be realized. 

(2) Since a 1 -chip semiconductor device including a sensor can be constituted, and image processing can be real- 
ized without increasing the size of peripheral circuits, the following high-grade function products can be realized 
25 with low cost: (a) control equipment for turning the TV screen toward the user direction, (b) control equipment for 
turning the wind direction of an air conditioner toward the user direction, (c) tracing control equipment for an 8-mm 
VTR camera, (d) label recognition equipment in a factory, (e) reception robot that can automatically recognize a 
person, (f) inter-vehicle distance controller for a vehicle, and the like. 

— 30 ' The integration of the image input unit and the circuit of the present invention has been described. The present 
invention is effective not only for image data but also for, e.g.. recognition processing of audio data. 

As described above, according to the present invention, since a circuit for performing parallel arithmetic operations 
for multiple variable signals can be constituted by a smaller number of transistors than a conventional logic circuit, and 
has high sensitivity to a weak signal, a high arithmetic operation speed and low consumption power can be attained. 

35 Since signals having the same absolute value but opposite polarities can be written at the differential input termi- 

nals of the differential input/output type sense amplifiers, the differential gain of the sensing system can be increased, 
and ultra-high sensitivity detection can be realized. For this reason, the number of parallel processing operations can 
be increased, and the number of arithmetic operations per cycle can be increased. Since the differential input/output 
type sense amplifier can be constituted by MOS transistors, a small circuit scale, a small number of processing stages, 

40 and high-speed processing can be attained since a multiple-input stage can also be constituted by MOS transistors. 

Furthermore, when the differential input/output type sense amplifier comprises a latch type sense amplifier, the 
sense amplifier itself has a storage function, and can output non-inverted and inverted signals. For this reason, high- 
precision data free from mixing of noise can be transferred, and when semiconductor devices of the present invention 
are connected in series with each other, the arrangement of the multiple-input stage can be further simplified. 

45 When the semiconductor device of the present invention is applied to a majority circuit, an A/D or D/A converter, 

and a signal processing system, such a unit or system can be constituted by a chip having a small physical structure 
and a small circuit scale. Thus, the number of wiring lines can be reduced, mixing of external noise can be eliminated, 
and high-speed arithmetic operation processing can be realized. 

The present invention is not limited to the above-mentioned embodiments, and various changes and modifications 

50 may be made within the scope of the invention. 
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Table 1 
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Input 
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S2 


SI 


0/7 


0 
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Ml 
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2/7 


0 


1 
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3/7 
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1 


1 


4/7 


1 


0 


0 


5/7 


1 


0 


1 


6/7 


1 


1 


0 


111 


1 


1 


1 
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Table 2 



Analog Input Voltage 


S3 


82 


SI 


0.0 ^ VA < 0.625 


0 


0 


0 


0.625 ^ VA< 1.25 


0 


0 


1 


1.25 :s VA < 1.875 


0 


1 


0 


1 .875 ^ VA < 2.5 


0 


1 


1 


2.5 ^ VA< 3.125 


1 


0 


0 


3.125 ^ VA < 3.75 


1 


0 


1 


3.75 ^ VA < 4.375 


1 


1 


0 


4.375 ^ VA < 5.0 


1 


1 


1 



One terminals of capacitors (CI - CN) are connected to multiple input terminals (Q1 - QN) via first switch means 
40 (24. 25) which can select a positive or negative logic of an input signal, and the other terminals of the capacitors are 
commonly connected (point b) to first differential input (10) of a differential input/output type sense amplifier (1) via sec- 
ond switch (2). The commonly connected portion of the capacitors are connected to second differential input (11) of the 
differential input/output type sense amplifier, the second differential input having a polarity opposite to that of the first 
differential input, thereby suppressing an increase in circuit scale due to an increase in the number of bits, and assuring 
45 high-speed arithmetic operations. 

Claims 

1. A semiconductor device wherein one terminals of capacitor means are connected to multiple input terminals via 
50 first switch means which can select a positive or negative logic of an input signal, the other terminals of said capac- 
itor means are commonly connected to first differential input means of a differential input/output type sense ampli- 
fier via second switch means, and the commonly connected portion of said capacitor means is connected to 
second differential input means of said differential input/output type sense amplifier via third switch means, said 
second differential input means having a polarity opposite to a polarity of said first differential input means. 

55 

2. A device according to claim 1 . wherein first reset switch means is connected to the commonly connected terminal 
of said capacitor means. 
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3. A device according to claim 1 . wherein second and third reset means are respectively connected to said first and 
second differential input means of said differential input/output type sense amplifier. 

4. A device according to claim 1 . wherein an ON period of said first, second, and third reset switch means overlaps at 
5 least a first capacitance input terminal reset period in which one of the positive logic and the negative logic of the 

input signal is applied to one terminal of each of said capacitor means via said first switch means. 

5. A device according to claim 1 . wherein an ON period of said second switch means for connecting the commonly 
connected terminal of said capacitor means and said first differential input means of said differential input/output 

10 type sense amplifier starts at least after a first input signal transfer period in which a signal of a logic opposite to 
the logic applied during the first capacitance input terminal reset period is written in one terminal of each of said 
capacitor means via said first switch means. 

6. A device according to claim 1 , after the ON period of said second switch means, the commonly connected terminal 
75 of said capacitor means is reset again by said first reset means. 

A device according to claim 1 , wherein an ON period of said third switch means for connecting the commonly con- 
nected terminal of said capacitor means and said second differential input means of said differential input/output 
type sense amplifier starts at least after a second input signal transfer period in which a signal of the same logic as 
the logic applied during the first capacitance input terminal reset period is written in one terminal of each of said 
capacitor means via said first switch means. 

A device according to claim 7, wherein a difference between an amplifier input voltage 1 held by said first differential 
input means during the first input signal transfer period for writing signals at the one terminals of said capacitor 
means and an amplifier input voltage 2 held by said second differential input means during the second input signal 
transfer period is amplified to a logic amplitude level by turning on said differential input/output type sense amplifier, 
and differential outputs are transferred to a next stage. 

9. A device according to claim 1 , wherein said differential input/output type sense amplifier is a differential output type 
" 30 — amplifier which has a differential pair constituted by transistors having the same polarity in an input stage thereof. 

and can amplify an input signal to a logic amplitude level with a polarity according to an input potential difference 
of said differential pair. 

1 0. A device according to claim 9. wherein said differential output type amplifier can be turned on/off by an external 
35 control signal, and has a function of holding a previous arithmetic operation result before said amplifier is turned off. 

1 1 . A device according to claim 1 . wherein said differential input/output type sense amplifier is a latch type sense ampli- 
fier utilizing a positive feedback effect. 

40 12. A device according to claim 11, wherein said latch type sense amplifier has a function of enabling/disabling an 
amplification effect due to the positive feedback effect by an external control signal. 

1 3. A semiconductor circuit having a plurality of semiconductor devices of claim 1 . an output from the first semiconduc- 
tor device of the plurality of semiconductor device and/or an inverted output of the output from the first semiconduc- 

45 tor device being input to the second semiconductor device. 

14. A semiconductor circuit wherein when a minimum capacitance of said capacitor means corresponding to multiple 
input terminals in a semiconductor device of claim 1 is represented by 0. a total of capacitances of said commonly 
connected capacitor means is substantially an odd multiple of the minimum capacitance C. 

50 

15. A correlation calculation apparatus for performing a correlation arithmetic operation using a semiconductor circuit 
of claim 13. 

16. A signal converter which comprises a semiconductor device of claim 1 , inputs an analog signal to the semiconduc- 
55 tor device, and outputs a digital signal corresponding to the analog signal. 

17. A signal converter which comprises a semiconductor device of claim 1 , inputs a digital signal to the semiconductor 
device, and outputs an analog signal corresponding to the digital signal. 
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18, A signal processing system comprising a correlation calculation apparatus of claim 15. 

19. A system according to claim 18. further comprising an image input device for inputting an image signal. 
5 20. A system according to claim 18. further comprising a storage device for storing information. 

21. A signal processing system comprising a signal converter of claim 16. 

22. A signal processing system comprising a signal converter of claim 1 7. 
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